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MASK FRAME AND DEPOSITION
APPARATUS INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. § 119 to
Korean Patent Application No. 10-2020-0141198, filed on

Oct. 28, 2020 in the Korean Intellectual Property Oflice, the
disclosure of which 1s incorporated by reference in 1ts
entirety herein.

1. TECHNICAL FIELD

The present inventive concepts relate to a mask frame and
a deposition apparatus including the same. More particu-
larly, the present inventive concepts relate to a mask frame
including a heat dissipation plate and a deposition apparatus
including the mask frame.

2. DISCUSSION OF RELATED ART

A mask 1s used to manufacture a display device. The mask
may include openings defined therethrough, and compo-
nents of the display device are manufactured on a substrate
through the openings. For example, when the display device
includes a light emitting element, organic materials required
to manufacture a light emitting layer of the light emitting,
clement are deposited on the substrate through the openings
of the mask. The mask may be disposed on a mask frame.
In addition, organic materials used to manufacture color
filters are deposited on the substrate through the openings of
the mask.

When a deposition process 1s repeated, the mask frame
may be deformed due to heat. When the mask frame 1s
deformed, organic materials may not be deposited 1n a
precise manner which may result in errors in the manufac-
ture of the display device, such as a decrease in pixel
position accuracy.

SUMMARY

The present inventive concepts provide a mask frame that
reduces or prevents deformation due to heat.

The present inventive concepts provides a deposition
apparatus including the mask frame that reduces or prevents
deformation due to heat.

According to an embodiment of the present mmventive
concepts, a mask frame includes a support substrate includ-
ing a plurality of inner side surfaces. The plurality of inner
side surfaces defines a first opening through the support
substrate. A heat dissipation plate 1s disposed on the plurality
of inner side surfaces. A plurality of fixing portions 1is
disposed between the support substrate and the heat dissi-
pation plate. The plurality of fixing portions includes a
plurality of adhesive portions attaching the support substrate
to the heat dissipation plate and a plurality of second
openings defined therethrough adjacent to the plurality of
adhesive portions.

In an embodiment, the fixing portions are disposed
directly between the support substrate and the heat dissipa-
tion plate.

In an embodiment, the support substrate includes a plu-
rality of first overlap portions that overlaps the fixing
portions and a plurality of first non-overlap portions that
does not overlap the fixing portions. The heat dissipation
plate includes a plurality of second overlap portions that
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2

overlaps the fixing portions and a plurality of second non-
overlap portions that does not overlap the fixing portions.

In an embodiment, first lateral side edge of the first
overlap portions and first lateral side edge of the second
overlap portions are substantially parallel to each other 1n a
cross-section.

In an embodiment, the heat dissipation plate and the
support substrate are spaced apart from each other with the
fixing portions interposed therebetween.

In an embodiment, the support substrate includes a first
upper surface and a first lower surface spaced apart from the
first upper surface in one direction, the heat dissipation plate
includes a second upper surface and a second lower surface
spaced apart from the second upper surface in the one
direction, and a first height of the support substrate 1n a
direction substantially perpendicular to the first upper sur-
face and the first lower surface 1s the same as a second height
of the heat dissipation plate 1n a direction substantially
perpendicular to the second upper surface and the second
lower surface.

In an embodiment, the heat dissipation plate includes one
surface adjacent to the support substrate and the other
surface spaced apart from the one surface 1n one direction
and mirror-finished.

In an embodiment, the heat dissipation plate includes a
plurality of sub-heat dissipation plates, and each of the
sub-heat dissipation plates 1s disposed on the inner side
surfaces.

In an embodiment, the heat dissipation plate has an
emissivity equal to or smaller than about 0.25.

In an embodiment, the heat dissipation plate includes at
least one of Ag, Al, Cu, Cr, and Sn.

In an embodiment, each of the fixing portions has a
thickness equal to or greater than about 0.05 mm and equal
to or smaller than about 10 mm 1n a direction substantially
perpendicular to the inner side surfaces and a side surface of
the heat dissipation plate facing the iner side surfaces.

In an embodiment, the support substrate includes an upper
surface and a lower surface spaced apart from the upper
surface 1n one direction, and each of the inner side surfaces
1s inclined with respect to the upper surface and the lower
surface.

In an embodiment, the support substrate includes invar.

In an embodiment, the fixing portions are provided in
three or more numbers, and the three or more fixing portions
are spaced apart from each other 1n a cross-section.

In an embodiment, the support substrate and the fixing
portions include a same metal material as each other.

According to an embodiment of the present inventive
concepts, a deposition apparatus includes a vacuum cham-
ber. A deposition source 1s disposed in the vacuum chamber.
A mask frame 1s disposed above the deposition source. A
mask 1s disposed on the mask frame. The mask frame
includes a support substrate including a plurality of inner
side surfaces. The plurality of inner side surfaces defines a
first opening through the support substrate. A heat dissipa-
tion plate 1s disposed on the plurality of inner side surfaces.
A plurality of fixing portions 1s disposed between the
support substrate and the heat dissipation plate. Each of the
fixing portions comprises a plurality of adhesive portions
attaching the support substrate to the heat dissipation plate
and a plurality of second opemings defined therethrough
adjacent to the plurality of adhesive portions.

In an embodiment, the heat dissipation plate includes at
least one of Ag, Al, Cu, Cr, and Sn, and the heat dissipation
plate has an emissivity equal to or smaller than about 0.25.




US 11,753,711 B2

3

In an embodiment, the deposition apparatus further
includes a magnet disposed on the mask.

According to an embodiment of the present mmventive
concepts, a mask frame includes a support substrate includ-
ing a first opening defined therethrough. A heat dissipation
plate 1s disposed on the support substrate. A plurality of
fixing portions 1s disposed directly between the support
substrate and the heat dissipation plate. The heat dissipation
plate and the support substrate are spaced apart from each
other by the plurality of fixing portions to reduce heat
transier from the heat dissipation plate to the support sub-
strate.

In an embodiment, the mask frame includes the heat
dissipation plate disposed on the support substrate, and thus,
the deformation caused by the heat 1s reduced.

In an embodiment, the deposition apparatus includes the
mask frame in which the heat dissipation plate 1s disposed on
the support substrate, and thus, a deposition accuracy 1s
increased.

BRIEF DESCRIPTION OF TH.

L1l

DRAWINGS

The above and other aspects of the present inventive
concepts will become readily apparent by reference to the
tollowing detailed description when considered in conjunc-
tion with the accompanying drawings wherein:

FIG. 1 1s an exploded perspective view showing a mask
assembly according to an embodiment of the present inven-
tive concepts;

FIG. 2 1s a cross-sectional view taken along a line I-I' of
FIG. 1 according to an embodiment of the present inventive
concepts;

FIG. 3 15 an exploded perspective view showing a portion
of a mask frame according to an embodiment of the present
iventive concepts;

FIG. 4 1s an exploded perspective view showing a portion
of a mask frame according to an embodiment of the present
inventive concepts;

FIG. 5 15 a perspective view showing a portion of a mask
frame according to an embodiment of the present inventive
concepts;

FIG. 6 1s a cross-sectional view showing a deposition
apparatus according to an embodiment of the present inven-
tive concepts;

FIG. 7 1s an enlarged cross-sectional view showing an
area AA ol FIG. 6 according to an embodiment of the present
iventive concepts;

FIG. 8 1s a cross-sectional view showing a portion of a
pixel formed by the deposition apparatus shown in FIG. 6
according to an embodiment of the present inventive con-
cepts;

FIG. 9A 1s an image showing a result of a thermal analysis
with respect to a mask frame according to a comparative
example; and

FIG. 9B 1s an image showing a result of a thermal analysis
with respect to a mask frame according to an embodiment of
the present imventive concepts.

DETAILED DESCRIPTION OF EMBODIMENTS

The present inventive concepts may be variously modified
and realized 1n many different forms, and thus specific
embodiments will be exemplified in the drawings and
described 1n detail hereinbelow. However, the present inven-
tive concepts are not limited to the specific disclosed
embodiments, and the present inventive concepts include all
modifications, equivalents, or replacements.
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In the present disclosure, 1t will be understood that when
an element or layer 1s referred to as being “on”, “connected
to” or “coupled to” another element or layer, it can be
directly on, connected or coupled to the other element or
layer or mterveming elements or layers may be present.
When an element or layer 1s referred to as being “directly
on”, “directly connected to” or “directly coupled to” another
clement or layer, no intervening elements or layers may be
present.

Like numerals refer to like elements throughout. In the
drawings, the thickness, ratio, and dimension of components
may be exaggerated for eflective description of the present
inventive concepts.

As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed 1tems.

It will be understood that, although the terms first, second,
ctc. may be used heremn to describe various eclements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. For example, these terms may only
be used to distinguish one element, component, region, layer
or section from another region, layer or section. Thus, a first
clement, component, region, layer or section discussed
below could be termed a second element, component,
region, layer or section without departing from the teachings
of the present inventive concepts. As used herein, the
singular forms, “a”, “an” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise.

Spatially relative terms, such as “beneath”, “below”,
“lower”, “above”, “upper” and the like, may be used herein
for ease of description to describe the relationship of one
clement or feature to another element(s) or feature(s) as
shown 1n the figures.

Unless otherwise defined, all terms including technical
and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which the present inventive concepts belong. It will be
further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having
a meaning that 1s consistent with their meaning in the
context of the relevant art and will not be interpreted 1n an
idealized or overly formal sense unless expressly so defined
herein.

It will be further understood that the terms “includes”
and/or “including”, when used in this specification, specily
the presence of stated features, integers, steps, operations,
clements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

Herematter, a mask frame and a deposition apparatus
including the mask frame according to an embodiment of the
present mventive concepts will be explained in detail with
reference to the accompanying drawings.

FIG. 1 1s an exploded perspective view showing a mask
assembly MAS according to an embodiment of the present
inventive concepts. FIG. 2 1s a cross-sectional view taken
along line I-I' of FIG. 1. In detail, FIG. 2 shows the
cross-sectional view taken along the line I-I' of FIG. 1 after
a mask frame MF of FIG. 1 1s assembled. FIGS. 3 and 4 are
exploded perspective views showing a portion of a mask
frame MF according to an embodiment of the present
inventive concepts. FIG. 5 1s a perspective view showing a
portion of the mask frame MF, such as one of {ixing portions
FP included 1n the mask frame MF, according to an embodi-

ment of the present inventive concepts.
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Referring to the embodiment of FIG. 1, the mask assem-
bly MAS may include the mask frame MF and a plurality of

mask sticks MST disposed on the mask frame MF. The mask

frame MF may include a support substrate SU, a heat
dissipation plate RH, and a plurality of fixing portions FP
disposed between the support substrate SU and the heat
dissipation plate RH. The support substrate SU may include
a first opening SU-OP defined therethrough by a plurality of
inner side surfaces, such as first and second inner side

surfaces SU-F1 and SU-F2. The heat dissipation plate RH
may be disposed on the first and second inner side surfaces
SU-F1 and SU-F2 of the support substrate SU.

The mask sticks MST may be disposed on the mask frame
MEF. A portion of the mask sticks MST which extend
longitudinally substantially parallel to a first direction 1n
which a first directional axis DR1 extends (hereimnafter, the
“first direction™) may be disposed to overlap the mask frame
MEF. The mask sticks MST may be supported by the mask
frame MF. In the present disclosure, the mask sticks MST
and a mask MST (refer to FIG. 6) are assigned with the same
reference numeral, and the mask sticks MST are described

as a representative example of the mask MST (refer to FIG.

6). The mask MST may be used for a deposition process
when a display device 1s manufactured. However, embodi-
ments of the present inventive concepts are not limited
thereto and the shape, size and form of the mask MST may

vary.

The mask sticks MST may have a rectangular shape 1n a
plane defined by the first directional axis DR1 and a second
directional axis DR2. As shown in the embodiment of FIG.
1, the second directional axis DR2 may cross the first
directional axis DR1 and the first and second directional axis

DR1, DR2, may each extend parallel to a surface of the
support substrate SU. Relatively shorter sides of the mask
sticks MS'T having the rectangular shape in the plane may
extend longitudinally 1 a direction that 1s substantially
parallel to the second directional axis DR2 (hereinatter, the
“second direction”), and relatively longer sides of the mask
sticks MS'T having the rectangular shape in the plane may
extend 1n the first direction that 1s substantially parallel to the

first directional axis DR1. The mask sticks MST may be
arranged 1n the second directional axis DR2 to be spaced
apart from each other. For example, an interval between the
mask sticks MST adjacent to each other among the mask
sticks may be constant in the second directional axis DR2.
However, embodiments of the present inventive concepts
are not limited thereto and the arrangement, size and shape
of the mask sticks MST may vary.

Each of the mask sticks MST may include a plurality of
third openings MST-OP defined therethrough As shown 1n
the embodiment of FIG. 1, the third opemings MST-OP may
be arranged along the first direction in one mask stick MST.
In an embodiment, an interval between the third openings
MST-OP adjacent to each other among the third openings
MST-OP may be constant along the first direction. However,
embodiments of the present inventive concepts are not
limited thereto.

The support substrate SU may be disposed under the mask
sticks MST. For example, the support substrate SU may be
disposed under the mask sticks MST 1n a third direction that
1s parallel to a third directional axis DR3 that 1s perpendicu-
lar to the first and second directions and which may be a
thickness direction of the mask frame MF. The support
substrate SU may include a metal material. For example, 1n
an embodiment, the support substrate SU may include 1nvar.
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The invar may be an alloy of iron and nickel. However,
embodiments of the present inventive concepts are not
limited thereto.

As shown i the embodiment of FIG. 1, the support
substrate SU may have a quadrangular ring shape. The
support substrate SU may include the first opening SU-OP
defined therethrough by the first and second inner side
surfaces SU-F1 and SU-F2. The first opening SU-OP may
have a quadrangular shape, and the first and second inner
side surfaces SU-F1 and SU-F2 of the support substrate SU
may have a shape corresponding to four sides of the quad-
rangular shape. For example, the first opening SU-OP of the
support substrate SU may have a rectangular shape. The first
and second 1nner side surfaces SU-F1 and SU-F2 may have
a shape corresponding to two relatively shorter sides and
two relatively longer sides, respectively, which form the
rectangular shape. For example, 1n an embodiment, the first
iner side surfaces SU-F1 may extend longitudinally sub-
stantially in the first direction parallel to the first directional
axis DR1 and the second inner side surfaces SU-F2 may
extend longitudinally substantially in the second direction
parallel to the second directional axis DR2. In an embodi-
ment, when viewed 1n a plane defined by the first directional
axis DR1 and the second directional axis DR2, a sum of the
areas of the mask sticks MST may be greater than an area of
the first opeming SU-OP. When viewed 1n the plane defined
by the first directional axis DR1 and the second directional
axis DR2, an area of the quadrangular shape defined by the
mask sticks MST may be greater than the area of the first
opening SU-OP.

The support substrate SU may include a first upper
surface SU-UF and a first lower surface SU-DF spaced apart
from the first upper surface SU-UF 1n the third direction 1n
which the third directional axis DR3 extends. As shown in
the embodiment of FIG. 1, the first upper surface SU-UF and
the first lower surtace SU-DF may be Substantlally parallel
to the plane defined by the first directional axis DR1 and the
second directional axis DR2. In an embodiment, the first and
second 1nner side surfaces SU-F1 and SU-F2 may be
inclined with respect to the first upper surface SU-UF and
the first lower surtace SU-DF. For example, the first and
second 1nner side surfaces SU-F1 and SU-F2 may be
inclined with respect to the plane defined by the first
directional axis DR1 and the second directional axis DR2. In
an embodiment, the first and second inner side surfaces
SU-F1 and SU-F2 and the first lower surface SU-DF may
form an acute angle with respect to the plane defined by the
first directional axis DR1 and the second directional axis
DR2. However, embodiments of the present inventive con-
cepts are not limited thereto and the first and second 1nner
side surfaces SU-Fla and SU-F2a (refer to FIG. 3) of a
support substrate SU-a (refer to FIG. 3) may be substantially
perpendicular to the plane defined by the first directional
axis DR1 and the second directional axis DR2.

The fixing portions FP may be disposed on the support
substrate SU. For example, as shown 1n the embodiment of
FIG. 1, the fixing portions FP may be disposed directly on
the ﬁrst and second 1nner side surfaces SU-F1 and SU-F2 of
the support substrate SU. The fixing portions FP may fix the
heat dissipation plate RH to the support substrate SU. For
example the fixing portions FP may {ix the heat dissipation
plate RH to the first and second inner side surfaces SU-F1
and SU-F2 of the support substrate SU. In an embodiment,
the fixing portions FP may include the same metal material
as that of the support substrate SU. For example, the fixing
portions FP may include invar.
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As shown 1n the embodiment of FIG. 1, the fixing portions
FP may be spaced apart from each other. For example, the
fixing portions FP may be disposed on the first and second
inner side surfaces SU-F1 and SU-F2 and may be spaced
apart from each other at regular intervals. In the embodiment
of FIG. 1, three fixing portions FP are disposed on each of
the first and second inner side surfaces SU-F1 and SU-F2.
However, embodiments of the present inventive concepts
are not limited thereto and the number of the fixing portions
FP may vary and the spacing of the fixing portions FP may
vary. For example, in an embodiment, the number of the
fixing portions FP disposed on one 1nner side surface may be
four or more 1n the mask frame MF. In an embodiment, the
four or more fixing portions FP may be spaced apart from
cach other at regular intervals.

The fixing portions FP may be disposed directly between
the support substrate SU and the heat dissipation plate RH.
For example, an upper surface and a lower surface of the
fixing portions FP may be 1n direct contact with the support
substrate SU and the heat dissipation plate RH, respectively.
In an embodiment, portions of the fixing portions FP, which
are 1n direct contact with the support substrate SU and the
heat dissipation plate RH, may be one of adhesive portions
AP1, AP2, . . ., and AP, (refer to FIG. §) described later.

The support substrate SU and the heat dissipation plate
RH may be spaced apart from each other with the fixing
portions FP iterposed therebetween. The heat dissipation
plate RH may be disposed on the fixing portions FP. For
example, the heat dissipation plate RH may be disposed
directly on the fixing portions FP. The heat dissipation plate
RH may be disposed to correspond to the first and second
iner side surfaces SU-F1 and SU-F2 of the support sub-
strate SU. For example, the heat dissipation plate RH may
entirely cover the first and second 1nner side surfaces SU-F1
and SU-F2.

The heat dissipation plate RH may be inclined with
respect to the plane defined by the first directional axis DR1
and the second directional axis DR2. For example, first and
second side surfaces RH-D1 and RH-D2 of the heat dissi-
pation plate RH may be inclined with respect to the plane
defined by the first directional axis DR1 and the second
directional axis DR2. As shown in the embodiment of FIG.
1, when viewed 1n the plane defined by the first directional
axis DR1 and the second directional axis DR2, an angle O
between the first and second side surfaces RH-D1 and
RH-D2 of the heat dissipation plate RH and the second
lower surface RH-DF of the heat dissipation plate RH may
be an acute angle. The first and second side surfaces RH-D1
and RH-D2 of the heat dissipation plate RH may be disposed
between a second upper surface RH-UF of the heat dissi-
pation plate RH and a second lower surface RH-DF of the
heat dissipation plate RH. The second upper surface RH-UF
of the heat dissipation plate RH and the second lower surface
RH-DF of the heat dissipation plate RH may be spaced apart
from each other in the third direction in which the third
directional axis DR3 extends. In an embodiment, the second
upper surface RH-UF of the heat dissipation plate RH and
the second lower surface RH-DF of the heat dissipation plate
RH may extend substantially parallel to the plane defined by
the first directional axis DR1 and the second directional axis
DR2. However, embodiments of the present inventive con-
cepts are not limited thereto.

For example, in an embodiment 1n which the first and
second mner side surfaces SU-Fla and SU-F2a (refer to
FIG. 3) of the support substrate SU-a are substantially
perpendicular to the plane defined by the first directional
axis DR1 and the second directional axis DR2, first and
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second side surfaces RH-Fla and RH-F2a (refer to FIG. 3)
ol heat dissipation plates RH-a and RH-b may be substan-
tially perpendicular to the plane defined by the first direc-

tional axis DR1 and the second directional axis DR2. A slope
of the first and second side surfaces RH-D1, RH-D2,
RH-F1la, and RH-F2a of the heat dissipation plates RH,
RH-a, and RH-b with respect to the plane defined by the first
directional axis DR1 and the second directional axis DR2
may be changed to correspond to the slope of the first and
second 1nner side surfaces SU-F1, SU-F2, SU-Fla, and
SU-F2a with respect to the plane defined by the first
directional axis DR1 and the second directional axis DR2.

In an embodiment of the present inventive concepts, a
second height RH-H2 of the heat dissipation plate RH may
be substantially the same as a first height SU-H1 of the
support substrate SU. The first height SU-H1 of the support
substrate SU may be measured in a direction substantially
perpendicular to the first upper surface SU-UF and the first
lower surface SU-DF. The second height RH-H2 of the heat
dissipation plate RH may be measured 1n a direction sub-
stantially perpendicular to the second upper surface RH-UF
and the second lower surface RH-DF of the heat dissipation
plate RH. The second height RH-H2 of the heat dissipation
plate RH and the first height SU-H1 of the support substrate
SU may be measured 1n a direction substantially perpen-
dicular to the plane defined by the first directional axis DR1
and the second directional axis DR2. For example, the
second height RH-H2 of the heat dissipation plate RH and
the first height SU-H1 of the support substrate SU may be
lengths 1n the third direction substantially parallel to the
third directional axis DR3.

The heat dissipation plate RH may include a metal
material. For example, 1n an embodiment, the heat dissipa-
tion plate RH may include at least one compound selected
from Ag, Al, Cu, Cr, and Sn. In an embodiment, the heat
dissipation plate RH may have an emissivity that 1s less than
or equal to about 0.25. In an embodiment, the emissivity of
the heat dissipation plate RH may be less than an emissivity
of a stainless steel. In an embodiment, stainless steel may be
included 1n a deposition apparatus EV (refer to FIG. 6) 1n
which a vacuum chamber CB (refer to FIG. 6) 1s installed.
As an example, the emissivity of the heat dissipation plate
RH may be less than or equal to about 0.20. However,
embodiments of the present inventive concepts are not
limited thereto and the emissivity of the heat dissipation
plate RH may vary.

Objects with high emissivity may have a high energy
absorption rate and a low energy reflectance. Objects with
low emissivity may have a low energy absorption rate and
a high energy reflectance. In an embodiment in which the
heat dissipation plate RH has the relatively low emissivity
that 1s less than or equal to about 0.25, the energy absorption
rate may decrease, and the energy retlectance may increase.

As described above, the heat dissipation plate RH and the
support substrate SU may be spaced apart from each other
by the fixing portions FP. In an embodiment, each of the
fixing portions FP may have a thickness TO that 1s 1n a range
of about 0.05 mm to about 10 mm. For example, the
thickness TO of each of the fixing portions FP may be 1n a
range of about 0.1 mm to about 10 mm. As shown in the
embodiment of FIG. 2, the thickness TO of each of the fixing
portions FP may be measured in a direction substantially
perpendicular to a third surface SU-F3 of the support
substrate SU and a third surface RH-F3 of the heat dissipa-
tion plate RH. In an embodiment, the third surface SU-F3 of
the support substrate SU may be one of the first and second

iner side surfaces SU-F1 and SU-F2 (refer to FIG. 1) of the
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support substrate SU. The third surface RH-F3 of the heat
dissipation plate RH may be the first side surface RH-D1
(refer to FIG. 1) of the heat dissipation plate RH facing the
support substrate SU.

The third surface SU-F3 of the support substrate SU and
the third surface RH-F3 of the heat dissipation plate RH may
tace each other. When the thickness of the fixing portions FP
1s within the above-described thickness ranges, the heat
dissipation plate RH may be spaced apart from the support
substrate SU, and a heat transferred from the heat dissipation
plate RH to the support substrate SU may be reduced or
prevented. Accordingly, a deformation of the support sub-
strate SU due to the heat may be reduced or prevented.

FIG. 2 shows a structure 1n which three fixing portions FP
are spaced apart from each other in a cross-section. As
shown 1n the embodiment of FIG. 2, among the three fixing
portions FP, two fixing portions FP may be disposed adja-
cent to a first lateral side and the opposite second lateral side
of the support substrate SU, respectively, and the remaining
one {fixing portion FP among the three fixing portions FP
may be disposed to be spaced apart from the two fixing
portions FP at regular intervals. In an embodiment, the first
lateral side and the opposite second lateral side of the
support substrate SU may extend 1n the first direction that 1s
substantially parallel to the first directional axis DR1, and
the first lateral side and the opposite second lateral side of
the support substrate SU may be spaced apart from each
other 1n the second direction parallel to the second direc-
tional axis DR2.

As shown 1n the embodiment of FIG. 2, the support
substrate SU may 1nclude a plurality of first overlap portions
P1 that overlaps the fixing portions FP and a plurality of first
non-overlap portions NP1 that does not overlap the fixing
portions FP. The first overlap portions P1 may be alternately
arranged with the first non-overlap portions NP1. The heat
dissipation plate RH may include a plurality of second
overlap portions P2 that overlaps the fixing portions FP and
a plurality of second non-overlap portions NP2 that does not
overlap the fixing portions FP. The second overlap portions
P2 may be alternately arranged with the second non-overlap
portions NP2. When viewed 1n a cross-section, lateral side
edges of the first overlap portions P1 and lateral side edges
of the second overlap portions P2 may be substantially
parallel to each other. The lateral side edges of the first
overlap portions P1 and the lateral side edges of the second
overlap portions P2 may be substantially parallel to lines
“L1” and “L2” shown in FIG. 2. For example, 1n FIG. 2,
“L1” and “L2” indicate imaginary lines extending respec-
tively from the a first lateral side edge of the first overlap
portions P1 and the opposite second lateral side edge of the
first overlap portions P1. Also, “L1” and “L2” may be
imaginary lines extending respectively from a first lateral
side edge of the second overlap portions P2 and the opposite
second lateral side edge of the second overlap portions P2.

FIGS. 3 and 4 are perspective views showing a mask
frame MF according to embodiments of the present inven-
tive concepts and show a portion of the mask frame MF. In
FIGS. 3 and 4, fixing portions FP are omitted for conve-
nience ol explanation, and the support substrate SU-a and
the heat dissipation plates RH-a and RH-b are shown.
Descriptions of the fixing portions FP described with refer-
ence to the embodiments of FIGS. 1 and 2 may be applied
to the fixing portions 1n FIGS. 3 and 4 and a repeated
description thereof will be omitted for convenience of
explanation.

Different from FIG. 1, 1in the embodiments of FIGS. 3-4,
the first and second inner side surfaces SU-Fla and SU-F2a
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of the support substrate SU-a are shown to be substantially
perpendicular to a first upper surtace SU-UF and a first
lower surface SU-DF of the support substrate SU-a. The first
and second 1nner side surfaces SU-Fla and SU-F2a of the
support substrate SU-a may not be inclined with respect to
the first upper surface SU-UF and the first lower surface
SU-DF of the support substrate SU-a. For example, the first
and second inner side surfaces SU-Fla and SU-F2a may be
substantially perpendicular to the first upper surtace SU-UF
and the first lower surtace SU-DF, and the first and second
side surfaces RH-Fla and RH-F2a of the heat dissipation
plates RH-a and RH-b may be substantially perpendicular to
the first upper surtace SU-UF and the first lower surface
SU-DF of the support substrate SU-a. In an embodiment, the
first and second inner side surfaces SU-Fla and SU-F2a of
the support substrate SU-a and the first and second side
surfaces RH-Fla and RH-F2a of the heat dissipation plates
RH-a and RH-b may extend substantially in the third direc-
tion that 1s parallel to the third directional axis DR3.

As shown 1n the embodiment of FIG. 3, the heat dissi-
pation plate RH-a may include a plurality of sub-heat

dissipation plates, such as first to fourth sub-heat dissipation
plates RH-51, RH-S2, RH-S3, and RH-S4. The first to fourth

sub-heat dissipation plates RH-S1, RH-S2, RH-S3, and
RH-54 may be disposed on the first and second inner side
surfaces SU-Fla and SU-F2a of the support substrate SU-a,
respectively. One sub-heat dissipation plate may be disposed
on one 1nner side surface SU-F24. In an embodiment, each
ol the sub-heat dissipation plates may be spaced apart from
cach other. However, embodiments of the present inventive
concepts are not limited thereto.

For example, as shown in the embodiment of FIG. 4, the
heat dissipation plate RH-b may have an integral shape
corresponding to the first and second inner side surfaces
SU-Fla and SU-F2a of a support substrate SU-a. FIG. 4
shows the heat dissipation plate RH-b having sides that
extend 1n the third direction that i1s substantially parallel to
the third directional axis DR3. For example, the heat dissi-
pation plate RH-b shown in the embodiment of FIG. 4 may
not include an inclined surface. In an embodiment in which
the first and second 1nner side surfaces SU-Fla and SU-F2a
ol the support substrate SU-a are substantially perpendicular
to the first upper surface SU-UF and the first lower surface
SU-DF of the support substrate SU-a, the heat dissipation
plate RH-b may not include the inclined surface.

FIG. 5 1s a perspective view showing a {ixing portion FP
according to an embodiment of the present mventive con-
cepts. The fixing portion FP may include the adhesive
portions AP1, AP2, . . . , and AP, that fix the support
substrate SU to the heat dissipation plate RH. In an embodi-
ment, the adhesive portions AP1, AP2, ..., and AP, may be
portions welded by a laser beam. The support substrate SU
and the heat dissipation plate RH may be attached to the
fixing portion FP by a laser welding process. However,
embodiments of the present inventive concepts are not
limited thereto, and a method of attaching the support
substrate SU and the heat dissipation plate RH to the fixing
portion FP may vary.

In addition, the fixing portion FP may be provided with a
plurality of second openings OP2-1, OP2-2, OP2-3,
OP2-4, ...,0P,__,, and OP, defined therethrough and are
positioned adjacent to the adhesive portions API1,
AP2,...,and AP, . In an embodiment, the second openings
OP2-1, OP2-2, OP2-3, OP2-4, ...,0P, _,, and OP, may be
spaced apart from each other at regular intervals. For
example, among the second opemings OP2-1, OP2-2, OP2-3,
OoP2-4, ..., QOP and OP, , the interval between the

-1
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second openings OP2-1, OP2-2, OP2-3, OP2-4, ..., OP__,,
and OP,_ adjacent to each other in one direction may be
constant. However, embodiments of the present inventive
concepts are not limited thereto. For example, among the
second openings OP2-1, OP2-2, OP2-3, OP24,...,0P__,,
and OP, , the interval between the second openings OP2-1,
OP2-2, OP2-3,0P2-4,...,0P,__,,and OP_ adjacent to each

other 1 one direction may not be constant.
In addition, the second opemings OP2-1, OP2-2, OP2-3,

OopP2-4, ..., 0OP__,, and OP_ may have a circular shape 1n

m-12
a plane as shown in FIG. 5. For example, the second
openings OP2-1, OP2-2, OP2-3, OP2-4, ..., OP,__,, and

OP_ may have an elongated oval shape. However, embodi-
ments of the present inventive concepts are not limited
thereto. For example, the shape of the second openings
OP2-1, OP2-2, OP2-3, OP2-4, . .., OP__,, and OP, may
vary and should not be limited to the circular shape. Posi-
tions of the second openings OP2-1, OP2-2, OP2-3,
OP2-4, , OP,__,, and OP, should not be limited to
positions shown in the embodiment of FIG. 5 and the
arrangement of the second openings OP2-1, OP2-2, OP2-3,

OopP2-4, ...,0P__,, and OP, may vary.
The second openmings OP2-1, OP2-2, 0OP2-3,
op2-4, . . ., OP__,, OP_ may prevent accumulation of

foreign matter. After the deposition process in the deposition
apparatus EV according to an embodiment to be described
later, a cleaning process may be performed, and a matenal
used 1n the cleaning process may pass through the second
openings OP2-1, OP2-2, OP2-3, OP24, ..., 0P, ,, OP .
Accordingly, it 1s possible to prevent foreign matter from
accumulating between the support substrate SU and the heat
dissipation plate RH.

The fixing portions FP may prevent the support substrate
SU from making direct contact with the heat dissipation
plate RH. For example, the support substrate SU may be
spaced apart from the heat dissipation plate RH by the fixing
portions FP. Since the support substrate SU 1s spaced apart
from the heat dissipation plate RH, the heat absorbed by the
heat dissipation plate RH may be prevented from being
transierred to the support substrate SU.

The mask frame MF may be a structure to fix the mask
sticks MST. The mask sticks MST may be used 1n the
deposition process, and materials may be deposited through
the third openings MST-OP of the mask sticks MST. In an
embodiment, a base substrate BS (refer to FIG. 6) on which
the deposition process 1s performed may be disposed above
the mask sticks MST.

In a comparative embodiment in which the mask frame
does not include the heat dissipation plate, the support
substrate absorbs the heat. In the support substrate absorbing
the heat, a deformation such as a thermal expansion occurs.
As the support substrate 1s deformed, the deformed support
substrate alters the position of the mask sticks arranged
above the support substrate, and a pixel position accuracy
(PPA) 1s degraded. In an embodiment the mask frame MF
may 1nclude the heat dissipation plates RH, RH-a, and RH-b
disposed on the support substrates SU and SU-a and the
fixing portions FP disposed between the support substrates
SU and SU-a and the heat dissipation plates RH, RH-a, and
RH-b. Accordingly, the deformation of the support sub-
strates SU and SU-a due to the heat transferred thereto may
be reduced or prevented, and the pixel position accuracy of
the mask frame MF may be increased.

Hereinafter, the deposition apparatus EV according to
embodiments of the present inventive concepts will be
described 1n detaill with reference to FIGS. 6 to 8. In
descriptions of the deposition apparatus EV, repetitive
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descriptions of elements of the mask frame MF described
with reference to FIGS. 1 to 5 will be omitted for conve-
nience of explanation, and descriptions will be focused on
different features.

FIG. 6 1s a cross-sectional view showing the deposition
apparatus EV according to an embodiment of the present
inventive concepts. FIG. 7 1s an enlarged cross-sectional
view showing an area AA' of FIG. 6. FIG. 8 15 a cross-
sectional view showing a portion of a pixel PX formed by
the deposition apparatus EV shown in FIG. 6.

As shown 1n the embodiment of FIG. 6, the deposition
apparatus EV may include a vacuum chamber CB, a depo-
sition source VS, the mask frame MF, and the mask MST,
and the deposition source VS, the mask frame MF, and the
mask MST may be disposed in the vacuum chamber CB.
The mask frame MF may be disposed above the deposition
source VS. The mask MST may be disposed above the mask
frame MF. In an embodiment, the above-described mask
stick MST (refer to FIG. 1) may be the same as the mask
MST.

The mask frame MF may include the support substrate
SU, the heat dissipation plate RH, and the fixing portions FP.
The support substrate SU may include the first opening
SU-OP (refer to FIG. 1) defined by the first and second 1nner
side surfaces SU-F1 and SU-F2 (refer to FIG. 1). The heat
dissipation plate RH may be disposed on the first and second
inner side surfaces SU-F1 and SU-F2 (refer to FIG. 1) of the
support substrate SU. The fixing portions FP may be dis-
posed directly on the first and second inner side surfaces
SU-F1 and SU-F2 (refer to FIG. 1) of the support substrate
SU. The fixing portions FP may be disposed between the
heat dissipation plate RH and the first and second 1nner side
surfaces SU-F1 and SU-F2 (refer to FIG. 1) of the support
substrate SU. Each of the fixing portions FP may include the
adhesive portions AP1, AP2, . . ., and AP, (refer to FIG. 5)
to attach the support substrate SU to the heat dissipation
plate RH. In addition, the fixing portions FP may include the
second openings OP2-1, OP2-2, OP2-3, OP24, ..., 0P, _,,
and OP_ (refer to FIG. 5) defined adjacent to the adhesive
portions AP1, AP2, ..., and AP, .

Referring to the embodiment of FIG. 6, the deposition
apparatus EV may include a first stage ST1, a second stage
ST12, a first member MB1, and a second member MB2. The
first stage ST1, the second stage ST2, the first member MBI,
and the second member MB2 may be disposed in the
vacuum chamber CB. The vacuum chamber CB may be
maintained 1n a vacuum state.

The mask frame MF may be disposed on the first stage
ST1. For example, as shown in the embodiment of FIG. 6,
the support substrate SU may be disposed directly on the
first stage ST1. An upper surface of the first stage ST1 may
directly contact a lower surface of the support substrate SU.
The first stage ST1 may be supported by the first member
MB1. The first member MB1 may be disposed under the first
stage ST1.

The base substrate BS may be disposed directly on a
lower surface of the second stage ST2. The second stage ST2
may be a member on which the base substrate BS 1s
disposed. The base substrate BS may be fixed to the second
stage ST2. The second member MB2 may be disposed on the
second stage ST2. For example, in an embodiment, the
second member MB2 may be a magnet. The second member
MB2 may fix the second stage ST2.

The deposition apparatus EV may be used to deposit a
deposition material VD on the base substrate BS. The base
substrate BS may be disposed above the mask MST. As
shown 1n the embodiment of FIG. 6, the base substrate BS
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may have a single-layer structure. However, embodiments
ol the present inventive concepts are not limited thereto. For
example, the base substrate BS may have a multi-layer
structure of a plurality of layers. In an embodiment, an
organic material may be deposited on the base substrate BS.
As described above, the deposition material VD may be
deposited on a first surface of the base substrate BS after
passing through the third openings MST-OP of the mask
MST. The first surface of the base substrate BS may not be
in contact with the second stage ST2. For example, as shown
in the embodiment of FIG. 6, the first surface may be a
bottom surface of the base substrate BS and the upper
surface of the base substrate BS may directly contact the
second stage ST2.

The deposition source VS may include the deposition
material VD. In an embodiment, the deposition material VD
may be heated in the deposition source VS and sprayed
upward. The deposition material VD may be sprayed toward
the base substrate BS. A heat radiation energy EA (refer to
FIG. 7) may be generated 1n the deposition source VS. Since
the vacuum chamber CB 1s 1n the vacuum state, there 1s no
heat transier by convection, and the heat radiation energy
EA generated by the deposition source VS may be absorbed
or retlected by the mask frame MF after moving upward.

Referring to the embodiment of FIG. 7, the heat dissipa-
tion plate RH may include a first surface and an opposite
second surface, such as the first side surface RH-D1 and the
second side surface RH-D2.

The second side surface RH-D2 of the heat dissipation
plate RH and the first side surface RH-D1 of the heat
dissipation plate RH may be spaced apart from each other 1n
one direction. The first side surface RH-D1 of the heat
dissipation plate RH may be disposed adjacent to the support
substrate SU. For example, the first side surface RH-D1 of
the heat dissipation plate RH may be in direct contact with
the fixing portion FP. The second side surface RH-D2 of the
heat dissipation plate RH may be exposed to the deposition
source VS. The second side surface RH-D2 of the heat
dissipation plate RH exposed to the deposition source VS
may be exposed to the heat radiation energy FA. In an
embodiment, the second side surface RH-D2 of the heat
dissipation plate RH exposed to the deposition source VS
may be mirror-finished. When compared with a heat dissi-
pation plate that 1s not mirror-finished, a reflectance of
energy may be increased 1n the heat dissipation plate RH that
1s mirror-finished. As the energy reflectance increases 1n the
second side surface RH-D2 of the heat dissipation plate RH,
an energy absorption rate may be reduced.

The mask frame including the support substrate in which
the heat dissipation plate 1s not disposed may be deformed
due to the heat radiation energy. As the support substrate 1s
deformed by the heat radiation energy, the pixel position
accuracy of the mask disposed on the support substrate may
be degraded. When the pixel position accuracy of the mask
1s degraded, a deposition accuracy may decrease in the
deposition process.

The mask frame MF may include the heat dissipation
plate RH disposed on the support substrate SU. As the heat
dissipation plate RH 1s disposed on the support substrate SU,
a direct exposure of the support substrate SU to the heat
radiation energy may be reduced. In an embodiment, the
heat dissipation plate RH may include at least one com-
pound selected from Ag, Al, Cu, Cr, and Sn, and the
emissivity of the heat dissipation plate RH may be less than
or equal to about 0.25. Accordingly, an amount of the heat
transierred from the heat dissipation plate RH to the support
substrate SU may be reduced. The heat dissipation plate RH
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having an emissivity that 1s lower than that of the matenal,
such as stainless steel, 1n the vacuum chamber CB, may have
a relatively low absorption rate of the heat radiation energy
and a relatively high reflectance of the heat radiation energy.

In addition, 1n an embodiment in which the second side
surface RH-D2 of the heat dissipation plate RH exposed to
the deposition source VS 1s mirror-finished, the absorption
rate of the heat radiation energy may be reduced. As the
absorption rate of the heat radiation energy in the heat
dissipation plate RH 1s reduced, the amount of the heat
transierred to the support substrate SU from the heat dissi-
pation plate RH may be reduced. Accordingly, the deforma-
tion caused by the heat in the mask frame MF may be
reduced or prevented, and the deposition accuracy in the
deposition apparatus EV including the mask frame MF may
be increased.

Meanwhile, a plurality of metal sticks may be disposed
under the mask MST. In addition, each of the metal sticks

may be provide with a plurality of openings defined there-
through.

FIG. 8 1s a cross-sectional view showing a pixel PX
including a color filter CF formed by the deposition appa-
ratus EV according to an embodiment of the present inven-
tive concepts. As shown 1n the embodiment of FIG. 8, the
pixel PX may include a light emitting element OLED, a
transistor TR connected to the light emitting element OLED,
and the color filter CF disposed on the light emitting element
OLED.

The light emitting element OLED may include a first
clectrode F1, a second electrode E2, and a light emitting
layer OEL disposed between the first electrode E1 and the
second electrode E2 (e.g., 1n a thickness direction of the base
layer SUB). The light emitting element OLED may be an
organic light emitting element. In an embodiment, the light
emitting layer OEL may be an organic light emitting layer.

In an embodiment, the first electrode E1 may be an anode
clectrode, and the second electrode E2 may be a cathode
clectrode. The first electrode E1 may be a pixel electrode,
and the second electrode E2 may be a common electrode.

The pixel PX may include a pixel area PA and a non-pixel
arca NPA adjacent to the pixel area PA. The light emitting
clement OLED may be disposed 1n the pixel area PA, and the
transistor TR may be disposed in the non-pixel area NPA.

The transistor TR and the light emitting element OLED
may be disposed on a base layer SUB. A bufler layer BFL
may be disposed on the base layer SUB. In an embodiment,
the bufller layer BFL may include an mnorganic material.

A semiconductor layer SM of the transistor TR may be
disposed on the bufler layer BFL. In an embodiment, the
semiconductor layer SM may include an morganic semicon-
ductor including amorphous silicon or polycrystalline sili-
con or an organic semiconductor. In addition, the semicon-
ductor layer SM may include an oxide semiconductor. The
semiconductor layer SM may include a source area, a drain
area, and a channel area defined between the source area and
the drain area.

A first 1nsulating layer INS1 may be disposed on the
bufler layer BFL to cover the semiconductor layer SM. In an
embodiment, the first insulating layer INS1 may include an
inorganic material. A gate electrode GE of the transistor TR
may be disposed on the first insulating layer INS1 to overlap
the semiconductor layer SM. The gate electrode GE may be
disposed to overlap the channel area of the semiconductor
layer SM.

A second insulating layer INS2 may be disposed on the

first msulating layer INS1 to cover the gate electrode GE.
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The second msulating layer INS2 may include an organic
material and/or an 1morganic material.

A source SE and a drain DE of the transistor TR may be
disposed on the second insulating layer INS2 to be spaced
apart from each other. As shown 1n the embodiment of FIG.
8, the source SE may be connected to the source area of the
semiconductor layer SM via a first contact hole CH1 defined
through the first insulating layer INS1 and the second
insulating layer INS2. The drain DE may be connected to the
drain area of the semiconductor layer SM via a second
contact hole CH2 defined through the first insulating layer
INS1 and the second insulating layer INS2.

A third insulating layer INS3 may be disposed on the
second 1nsulating layer INS2 to cover the source SE and the
drain DE of the transistor TR. In an embodiment, the third
insulating layer INS3 may include an organic material.

The first electrode E1 may be disposed on the third
isulating layer INS3. The first electrode E1 may be con-

nected to the drain DE of the transistor TR via a third contact
hole CH3 defined through the third msulating layer INS3.

A pixel defimition layer PDL may be disposed on the first
clectrode E1 and the third mnsulating layer INS3 to expose a
predetermined portion of the first electrode E1. For example,
as shown 1n the embodiment of FIG. 8, the pixel definition
layer PDL may be disposed on lateral edges of the first
clectrode F1 and may expose a central portion of the first
clectrode E1. The pixel definition layer PDL may include an
opening PX_OP defined therethrough to expose the prede-
termined portion of the first electrode E1.

The light emitting layer OFEL may be disposed on the first
clectrode E1 1n the opening PX_OP. In an embodiment, the
light emitting layer OEL may generate a light having a red,
green, or blue color. In addition, the light emitting layer OEL
may generate a white light by combining organic materials
respectively generating red, green, and blue colors. How-
ever, embodiments of the present inventive concepts are not
limited thereto and the colors of the light emitting layer OEL
may vary. The light emitting layer OEL may include an
organic light emitting maternial. However, embodiments of
the present mventive concepts are not limited thereto or
thereby. For example, the light emitting layer may include a
quantum dot or a quantum rod.

The second electrode E2 may be disposed on the pixel
definition layer PDL and the light emitting layer OFEL. A thin
f1lm encapsulation layer TFE may be disposed on the second
clectrode E2. Holes and electrons injected into the light
emitting layer OEL may be recombined to generate excitons,
and the light emitting element OLED may emuit the light by
the excitons that return to a ground state from an excited
state. The light emitting element OLED may emit red, green,
and blue lights depending on a tflow of current, and thus, may
display an image.

As shown in the embodiment of FIG. 8, a touch sensing
unit TSP may be disposed on the thin film encapsulation
layer TFE. The touch sensing unit TSP may sense an
external input, such as a user’s touch, etc., may convert the
external mmput to a predetermined input signal, and may
apply the input signal to a display panel including the pixels
PX. The touch sensing unit TSP may include a plurality of
touch sensor portions to sense the external input. In an
embodiment, the touch sensor portions may sense the exter-
nal mput by a capacitance method.

The color filter CF and a black matrix BM may be
disposed on the touch sensing unit TSP. The color filter CF
may overlap the pixel area PA, and the black matrix BM may
overlap the non-pixel area NPA.
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In an embodiment, the color filter CF may have one of the
red, green, and blue colors. The color filter CF may convert
the light incident thereto to the light having one of the red,
green, and blue colors. In an embodiment, the color filter CF
may be formed by the deposition apparatus EV. The base
substrate BS shown 1n the embodiment of FIG. 6 may be the
base layer SUB shown in the embodiment of FIG. 8. The
color filter CF may be formed on the base layer SUB.
However, embodiments of the present inventive concepts
are not limited thereto. For example, the base substrate BS
shown 1n the embodiment of FIG. 6 may include the base
layer SUB, components stacked between the base layer SUB
and the touch sensing unit TSP, and the touch sensing unit
TSP. However, the configuration of the base substrate BS
may vary and should not be limited thereto or thereby.

A fourth insulating layer INS4 may be disposed on the
color filter CF and the black matrix BM. In an embodiment,
a protective layer may be disposed on the fourth msulating
layer INS4.

The deposition apparatus EV may include the vacuum
chamber CB, the deposition source VS, the mask frame MF,
and the mask MST, and the deposition source VS, the mask
frame MF, and the mask MST may be disposed in the
vacuum chamber CB. The mask frame MF may include the
support substrate SU, the heat dissipation plate RH, and the
fixing portions FP disposed between the support substrate
SU and the heat dissipation plate RH. As the heat dissipation
plate RH 1s disposed on the support substrate SU, the
absorption of the heat radiation energy EA, which 1s gen-
crated from the deposition source VS, by the support sub-
strate SU may be reduced. In addition, since the support
substrate SU and the heat dissipation plate RH are spaced
apart from each other with the fixing portion FP interposed
therebetween, the heat transferred to the support substrate
SU from the heat dissipation plate RH may be reduced.
Accordingly, the deposition accuracy of the deposition appa-
ratus EV may be increased.

FIGS. 9A and 9B are images showing results of a thermal
analysis with respect to a mask frame according to a
comparative example and a mask frame according to
embodiment of the present inventive concepts. FIG. 9A
shows a change 1n temperature due to the heat transfer in the
mask frame of the comparative example that includes the
support substrate and does not include the fixing portion and
the heat dissipation plate 1n color. FIG. 9B shows a change
in temperature due to the heat transfer in the mask frame of
the embodiment of the present inventive concepts that
includes the support substrate, the fixing portion, and the
heat dissipation plate in color.

In FIGS. 9A and 9B, a Y-axis indicates a relative tem-
perature, and the temperature increases from a lower side to
an upper side. A first area of the mask frame that 1is
positioned at the lower side of the Y-axis and shown 1n a
color close to blue represents a lower temperature than a
second area of the mask frame that 1s positioned at the upper
side and shown 1n a color close to red.

The mask frame of FIG. 9A shows colors close to the
upper side of the Y axis. The mask frame of FIG. 9B shows
colors close to the lower side of the Y axis. When compared
with the mask frame of the comparative example of FIG. 9A,
the mask frame of an embodiment of the present inventive
concepts shown 1 FIG. 9B represents a relatively lower
temperature overall. In addition, as shown in FIG. 9A, a
color diflerence 1n a left side of the mask frame of the
comparative example 1s large, and thus, 1t may be concluded
that a temperature difference in the mask frame of the
comparative example is relatively large. However, as shown
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in FIG. 9B, an overall color diflerence 1s small 1n the mask
frame ol an embodiment of the present inventive concepts,
and thus, it may be concluded that the temperature diflerence
in the mask frame 1s not large.

Accordingly, 1n the mask frame including the heat dissi-
pation plate disposed on the support substrate and the fixing
portion disposed between the heat dissipation plate and the
support substrate, the absorption rate of the heat radiation
energy may be lowered, and the deformation of the mask
frame due to the heat may be reduced or prevented.

The mask frame may include the support substrate includ-
ing the inner side surfaces, the heat dissipation plate dis-
posed on the mner side surfaces of the support substrate, and
the fixing portions disposed between the support substrate
and the heat dissipation plate. The heat dissipation plate may
cover the imner side surfaces of the support substrate and
may reduce or prevent the deformation of the support
substrate, which 1s caused by the heat radiation energy
generated 1n the deposition process. As the deformation of
the support substrate due to the heat 1s reduced or prevented
the deposition accuracy of the deposition process using the
mask frame may be increased.

The deposition apparatus may include the vacuum cham-
ber and the mask frame disposed in the vacuum chamber.
The deposition source and the mask may be disposed in the
vacuum chamber, and the mask may be disposed above the
mask frame. The mask frame may include the support
substrate, the heat dissipation plate disposed on the support
substrate, and the fixing portions disposed between the
support substrate and the heat dissipation plate. As the heat
dissipation plate 1s disposed on the support substrate, the
absorption of the heat radiation energy, which 1s generated
from the deposition source, by the support substrate may be
reduced. Accordingly, the deformation of the support sub-
strate due to the heat may be reduced or prevented, and the
deposition accuracy of the deposition apparatus including
the mask frame may be increased.

Although embodiments of the present inventive concepts
have been described, it 1s understood that the present inven-
tive concepts should not be limited to these embodiments
but various changes and modifications can be made by one
ordinary skilled in the art within the spirit and scope of the
present mventive concepts.

Therefore, the disclosed subject matter should not be
limited to any single embodiment described herein.

What 1s claimed 1s:

1. A mask frame comprising:

a support substrate including a plurality of inner side
surfaces, the plurality of mner side surfaces defining a
first opeming through the support substrate;

a heat dissipation plate disposed on the plurality of inner
side surfaces: and

a plurality of {ixing portions disposed between the support
substrate and the heat dissipation plate, the plurality of
fixing portions includes a plurality of adhesive portions
attaching the support substrate to the heat dissipation
plate and a plurality of second openings defined there
through adjacent to the plurality of adhesive portions.

2. The mask frame of claim 1, wherein the plurality of
fixing portions are disposed directly between the support
substrate and the heat dissipation plate.

3. The mask frame of claim 1, wherein:

the support substrate comprises:

a plurality of first overlap portions that overlaps the
plurality of fixing portions; and
a plurality of first non-overlap portions that does not
overlap the plurality of fixing portions, and

10

15

20

25

30

35

40

45

50

55

60

65

18

the heat dissipation plate comprises:

a plurality of second overlap portions that overlaps the
plurality of fixing portions; and

a plurality of second non-overlap portions that does not
overlap the plurality of fixing portions.

4. The mask frame of claim 3, wherein first lateral side
edge of the plurality of first overlap portions and first lateral
side edge of the plurality of second overlap portions are
substantially parallel to each other in a cross-section.

5. The mask frame of claim 1, wherein the heat dissipation
plate and the support substrate are spaced apart from each
other with the plurality of fixing portions interposed ther-
cbetween.

6. The mask frame of claim 1, wherein:

the support substrate comprises a first upper surface and

a first lower surtace spaced apart from the first upper
surface 1n a first direction,

the heat dissipation plate comprises a second upper sur-

face and a second lower surface spaced apart from the
second upper surface 1n the first direction, and

a first height of the support substrate 1 a direction

substantially perpendicular to the first upper surface
and the first lower surface 1s the same as a second
height of the heat dissipation plate in the direction
substantially perpendicular to the second upper surface
and the second lower surface.

7. The mask frame of claim 1, wherein:

the heat dissipation plate comprises a first surface adja-

cent to the support substrate and a second surface
spaced apart from the first surface 1n a first direction;
and

the second surface 1s mirror-finished.

8. The mask frame of claim 1, wherein:

the heat dissipation plate comprises a plurality of sub-heat

dissipation plates; and

cach of the plurality of sub-heat dissipation plates 1s

disposed on the plurality of 1mnner side surfaces.

9. The mask frame of claim 1, wherein the heat dissipation
plate has an emissivity that 1s less than or equal to about
0.25.

10. The mask frame of claim 1, wherein the heat dissi-
pation plate comprises at least one compound selected from
Ag, Al, Cu, Cr, and Sn.

11. The mask frame of claim 1, wherein each of the
plurality of fixing portions has a thickness 1n a range of
about 0.05 mm to about 10 mm 1n a direction substantially
perpendicular to the plurality of inner side surfaces and a
side surface of the heat dissipation plate facing the plurality
of 1nner side surfaces.

12. The mask frame of claim 1, wherein:

the support substrate comprises an upper surface and a

lower surface spaced apart from the upper surface 1n a
first direction; and

cach of the plurality of inner side surfaces 1s inclined with

respect to the upper surface and the lower surface.

13. The mask frame of claim 1, wherein the support
substrate comprises nvar.

14. The mask frame of claim 1, wherein:

the plurality of fixing portions includes three or more

fixing portions; and

the three or more fixing portions are spaced apart from

cach other 1n a cross-section.

15. The mask frame of claim 1, wherein the support
substrate and the plurality of fixing portions comprise a
same metal material as each other.
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